Changes in neurosteroid levels during the luteal phase of the menstrual cycle may precipitate affective symptoms. To test this hypothesis, we stabilized neurosteroid levels by administering the 5α-reductase inhibitor dutasteride to block conversion of progesterone to its neurosteroid metabolite allopregnanolone in women with premenstrual dysphoric disorder (PMDD) and in asymptomatic control women. Sixteen women with prospectively confirmed PMDD and 16 control women participated in one of two separate randomized, doubleblind, placebo-controlled, cross-over trials, each lasting three menstrual cycles. After one menstrual cycle of single-blind placebo, participants were randomized to receive, for the next two menstrual cycles, either double-blind placebo or dutasteride (low-dose 0.5 mg/ day in the first eight PMDD and eight control women or high-dose 2.5 mg/day in the second group of women). All women completed the daily rating form (DRF) and were evaluated in clinic during the follicular and luteal phases of each menstrual cycle. Main outcome measures were the DRF symptoms of irritability, sadness, and anxiety. Analyses were performed with SAS PROC MIXED. In the low-dose group, no significant effect of dutasteride on PMDD symptoms was observed compared with placebo (ie, symptom cyclicity maintained), and plasma allopregnanolone levels increased in women with PMDD from follicular to the luteal phases, suggesting the absence of effect of the lowdose dutasteride on 5α-reductase. In contrast, the high-dose group experienced a statistically significant reduction in several core PMDD symptoms (ie, irritability, sadness, anxiety, food cravings, and bloating) on dutasteride compared with placebo. Dutasteride had no effect on mood in controls. Stabilization of allopregnanolone levels from the follicular to the luteal phase of the menstrual cycle by blocking the conversion of progesterone to its 5α-reduced neurosteroid metabolite mitigates symptoms in PMDD. These data provide preliminary support for the pathophysiologic relevance of neurosteroids in this condition.
INTRODUCTION
Premenstrual dysphoric disorder (PMDD) is characterized by distressing mood and behavioral symptoms that occur during the luteal phase of the normal menstrual cycle and disappear within a few days after menses begin (American Psychiatric Association, 1994; American Psychiatric Association, 2013) . No abnormalities of ovarian hormone levels consistently identify women with PMDD (Rubinow and Schmidt, 2006) . Nonetheless, GnRH agonist-induced ovarian suppression in women with PMDD eliminates symptoms, which can then be precipitated by the administration of physiologic doses of ovarian steroids (Schmidt et al, 1998) . Reproductive steroids, therefore, appear to have a role in PMDD.
The ring-A-reduced neurosteroid metabolite of progesterone, allopregnanolone (ie, 3α-hydroxy-5α-pregnan-20-one) , potentially mediates the symptom precipitating effects of progesterone in PMDD. Allopregnanolone regulates central GABA-A receptor function and hence CNS excitation (Majewska et al, 1986; Paul and Purdy, 1992; Maguire et al, 2005; Shen et al, 2007) . In one study, higher plasma levels of allopregnanolone was associated with less severe PMDD symptoms (Wang et al, 1996) ; however, abnormal plasma allopregnanolone levels have not been consistently observed in PMDD (Schmidt et al, 1994; Wang et al, 1996; Rapkin et al, 1997; Monteleone et al, 2000; Epperson et al, 2002; Lombardi et al, 2004; Schiller et al, 2014) . Preclinical studies indicate that the impact of neurosteroids on the GABA receptor is mediated by changes in their levels rather than their absolute concentration. Both increases and decreases in progesterone metabolite neurosteroids induce changes in the alpha 4 subunit conformation of the GABA A R sufficient to produce anxiety-like behaviors (Gulinello et al, 2001; Gulinello and Smith, 2003; Shen et al, 2005) . Thus, it is possible that effects of progesterone to precipitate PMDD symptoms (Schmidt et al, 1998) could be mediated by changes in allopregnanolone and/or an abnormal conversion of progesterone to its neurosteroid metabolites.
In this study, we attempted to stabilize allopregnanolone levels in women with PMDD by blocking its formation from progesterone with the 5α-reductase (type 1 and 2) competitive inhibitor dutasteride. We hypothesized that this would abrogate the luteal phase increase in allopregnanolone levels resulting from increased progesterone secretion (Schmidt et al, 1994) and thus prevent PMDD symptoms. We also examined the effects of dutasteride in control women who did not experience menstrual cycle-related mood or behavioral symptoms.
MATERIALS AND METHODS

Participant Selection
We studied 16 women with PMDD and 16 women without the syndrome (hereafter referred to as control women), aged 30-50 years. All reported regular menstrual cycles (range, 21-35 days), good medical health, and were medication-free. All women had normal physical findings, including gynecologic and breast examination, normal laboratory test results and a negative pregnancy test upon study entry. All agreed to use barrier contraception throughout the study. None of the women with PMDD had any Axis I psychiatric illness currently or within the previous 2 years as determined by the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders (fourth edition) (DSM-IV) (First et al, 2002) . No control women had any premenstrual mood symptoms using the same daily rating scales described below during a 2-month baseline period, and none had any current or past Axis I psychiatric illness.
Before randomization, women with PMDD prospectively confirmed the timing and severity of their mood-related symptoms by rating themselves daily for 3 months using a four-item visual-analog scale (irritability, sadness, anxiety, and mood swings) (Rubinow et al, 1984; Schmidt et al, 1998) . All women met study criteria for PMDD, which are based on requirements outlined in the American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) (American Psychiatric Association, 1994) . The mean score of at least one of these self-rated negative mood symptoms was at least 30% higher (relative to the range of the scale used by each woman) in the week before menstruation compared with the week after the cessation of menstruation in at least two of the three cycles assessed. Functional impairment was assessed through selfreports of distress and functional impairment on the daily rating form (DRF) (Endicott et al, 1986) . The DRF criteria for functional impairment were as follows: a DRF score of 2 (minimal) or higher on one of 4 questions related to functional impairment (ie, stayed at home or avoided social activities, had conflicts or problems with people, symptoms interfered with relationships at work or home, or symptoms interfered with work productivity) in at least 3 days out of 7 days pre-menses. Finally, DRF ratings and the results of both a semi-structured interview and a self-report questionnaire (ie, the Menstrual Screening Questionnaire and the Menstrual Assessment Form, respectively) were employed to confirm that all women met the required number of symptoms specified in the DSM criteria for PMDD. Additionally, women with significant negative mood symptoms occurring during the follicular phase of the menstrual cycle (on the DRF) were excluded. Thus, in this study, the diagnostic criteria for PMDD were augmented by the severity criterion of a 30% increase in mean negative mood during the week before menses compared with the week after menses, a more stringent criterion than that of DSM-4 or 5 (American Psychiatric Association, 1994; American Psychiatric Association, 2013) . The global assessment of functioning scale (GAF) score (Hilsenroth et al, 2000) was Figure 1 Study schematic-effects of the 5α-reductase inhibitor dutasteride on symptoms of premenstrual dysphoric disorder. Women were either self-referred to our clinic in response to advertisements in the local newspapers or were referred by their personal physicians. We studied women with premenstrual dysphoric disorder (PMDD) and women who did not have the syndrome (control women). Following 1 month of lead-in single-blind placebo, all women received dutasteride and placebo in a randomized, double-blind, cross-over study for one menstrual cycle each beginning on day 1 of menses. Two sets of random number lists were employed for the randomization within each treatment trial (low and high dose), one for PMDD participants and one for control women, and lists were blocked into four participants each. Dutasteride was given at two different doses in two separate trials: the low dose at 0.5 mg and the high dose at 2.5 mg. Each evening during the 2-3 months of baseline before receiving treatment and during the three menstrual cycles on treatment, all women completed the daily rating form (DRF) (Endicott et al, 1986) . The DRF is a six point Likert-type scale. Scores of 1 = symptoms absent; 6 = symptoms present in the extreme. All women were instructed that the ratings should represent a composite rating for the previous 12 h. The ratings on the DRF assessed the severity of common symptoms of PMDD including irritability, sadness, anxiety, mood swings, food cravings, bloating, decreased sexual interest, and breast pain. Our primary outcome measure of interest was DRF scores for the core PMDD symptoms of irritability, sadness, and anxiety (American Psychiatric Association, 2013) . DRF symptom ratings were employed both to confirm that women with PMDD met Diagnostic and Statistical Manual of Mental Disorders (fourth edition) criteria for PMDD and as the main study outcome measures. During the three menstrual cycles of treatment, clinic visits were scheduled during follicular days 4-10 and luteal phase days 6-10 post-LH surge as determined by a home ovulation kit (Clearblue Easy Fertility Monitor Inverness Medical Innovations, Inc., Waltham, Massachusetts) during which blood samples were obtained and vital signs and side effects were monitored. All participants were followed for 6 months after completing the medication portion of the protocol (while remaining on barrier contraception) to monitor hepatic function and to insure that serum pregnancy tests remained negative.
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Study Design
Because of the long elimination half-life (up to 5 weeks) (Bramson et al, 1997; GlaxoSmithKline Research Triangle Park NC, 2014) of dutasteride, all women first received one menstrual cycle single-blind placebo and then were randomized to double-blind placebo or dutasteride (at one of two doses) in a cross-over design (Figure 1 ). For women who received dutasteride first (ie, study month two), we analyzed the first single-blind placebo month results to avoid residual dutasteride confounding the effects of placebo. In the first trial, dutasteride (AVODART (GlaxoSmithKline, Research Triangle Park, NC, 2014) ) was administered at a dose of 0.5 mg daily (low dose) and in the second trial at a dose of 2.5 mg daily (high dose) for one complete menstrual cycle beginning on day one of menses and stopping on day one of menses in the next menstrual cycle. Dutasteride levels are increased within the CNS after oral administration in rodents, (GlaxoSmithKline Research Triangle Park NC, 2005) but no studies have measured the penetrance of the drug into the human CNS. As a result, this sequential twodose strategy was used.
Symptom Rating Scales
Each evening during the 2-3 months of baseline and during the three menstrual cycles on treatment, all women completed the DRF (Endicott et al, 1986) . The DRF is a six point Likert-type scale. Scores of 1 = symptoms absent; 6 = symptoms present in the extreme. All women were instructed that the ratings should represent a composite score for the previous 12 h. The ratings on the DRF assessed the severity of common symptoms of PMDD including irritability, sadness, anxiety, mood swings, food cravings, bloating, decreased sexual interest, and breast pain. Our primary outcome measure of interest was DRF scores for the core PMDD symptoms of irritability, sadness, and anxiety (American Psychiatric Association, 2013). DRF symptom Abbreviations: BMI, body mass index; PMDD, premenstrual dysphoric disorder. a Global assessment of functioning scale (GAF) score measuring overall functional impairment related to PMDD (scores in the range of 81-100 = high function; 51-70 = mild to moderate symptoms; 1-50 = low function/ suicidality). Baseline PMDD GAF scores were not significantly different between those women receiving the low (0.5 mg) and high (2.5 mg) daily doses of dutasteride (p = NS). b Identified by self-report during initial screening interview in women with PMDD. Women's ages ranged from 30 to 50 years: (mean (SD)) women with PMDD = 42.4 (5.1) years and control women = 38.3 (2.3) years. Women with PMDD and control women did not differ in any demographic characteristics including age (low-dose p40.05; high-dose p40.05), parity (low-dose p40.05; high-dose p40.05), and BMI (p40.05). Women treated for PMDD symptoms in the past (one woman received fluoxetine (high-dose group) and one received buspirone (low-dose group)).
5α-reductase inhibition in PMDD PE Martinez et al ratings were employed both to confirm that women with PMDD met DSM-IV criteria for PMDD and as the main study outcome measures. During the three menstrual cycles of treatment, clinic visits were scheduled during follicular days 4-10 and luteal phase days 6-10 post-LH surge (as determined by a home ovulation kit (Clearblue Easy Fertility Monitor Inverness Medical Innovations, Inc., Waltham, MA)), during which blood samples were obtained and vital signs and side effects were monitored.
Hormone Assays
Plasma levels of neurosteroids (ie, pregnenolone, allopregnanolone, pregnanolone (ie, 3α-hydroxy-5β-pregnan-20-one), 3α,5α-androsterone, and 3α,5β-androsterone) were analyzed by gas chromatography with mass spectrometry (GC-MS) at the University of North Carolina at Chapel Hill as described previously (Porcu et al, 2009) . Plasma progesterone levels were assayed at the NIH Clinical Center Department of Laboratory Medicine by LC-MS/MS, and luteal plasma levels o2 ng/ml were considered to be consistent with either anovulation or a clinic visit too late or early in the luteal phase and, therefore, were not included in comparisons of plasma neurosteroid levels (see below). Plasma estradiol levels were measured by LC-MS/MS at NMS Laboratories (Willow Grove, PA).
Statistical Analysis
Symptom response was assessed by the 7-day average DRF scores after the end of menses (ie, week 2 of the menstrual cycle, postmenstrual) and for the week before menses begins (ie, week 4 of the menstrual cycle, premenstrual). Thus, our data involved repeated measures (follicular (week 2) and late luteal (week 4)) on the same woman during two treatments (placebo and dutasteride). Repeated measures analyses were done with SAS Version 9.2 software (SAS Institute, Inc., Cary, NC), using PROC MIXED (for mixed models). Separately, for each symptom rating outcome, the predictor variables of interest, treatment (placebo or dutasteride) and order of treatment (dutasteride or placebo first) were modeled as fixed effects. We used the Kenward-Roger method for computing the degrees of freedom for tests of fixed effects. For each of the eight symptoms we also analyzed the effect of the two treatment assignments. First, to examine whether the difference in symptom severity between week 4 and week 2 changed during dutasteride treatment compared with placebo, we performed repeated measures analyses with adjustment (in the women with PMDD) for the severity of the late luteal phase symptom severity at baseline before randomization. Second, to further determine if the effects on week 4 − week 2 difference scores reflected reductions in week 4 (ie, premenstrual) symptom severity, we examined the effect of treatment on week 4 scores only. Plasma neurosteroid levels (both raw and log-transformed values) during week 4-week 2 also were compared across drug conditions. For these analyses the value of the estimator ('least square means' in SAS terminology) and associated standard error of the estimator and p-values are reported. a Scores based on the daily rating form (DRF). The DRF is a six point Likert-type scale. Scores of 1 = symptoms absent; 6 = symptoms present in extreme. All women completed the DRF each evening (the women were instructed that the ratings should represent a composite rating for the previous 12 h). b Week 2 versus week 4 differences between dutasteride and placebo po0.05. Significant reductions in the difference between week 4 (premenstrual, luteal) to week 2 (postmenstrual, follicular) symptom severity scores were observed in women with PMDD during dutasteride compared with placebo treatments in the following DRF symptom scores: irritability (p = 0.04), anxiety (p = 0.03), sadness (p = 0.04), bloating (p = 0.03), and food cravings (p = 0.02). These differences reflected significantly decreased symptom scores in the women with PMDD during week 4 during dutasteride treatment compared with placebo (irritability (p = 0.03), anxiety (p = 0.06), sadness (p = 0.03), bloating (p = 0.03), and food cravings (p = 0.01)). Non-significant improvements during dutasteride treatment compared with placebo also were observed for several symptoms including mood swings (p = 0.3), breast pain (p = 0.1), and decreased sexual interest (p = 0.1).
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Clinical characteristics in women with PMDD and control women were compared with Fisher's exact test for categorical variables and Student's t-tests for continuous variables (Table 1) . Plasma progesterone levels during week 4 of each treatment cycle were compared with Student's t-test. A twosided po0.05 was considered statistically significant.
We attempted to obtain blood samples once in both the follicular and luteal phase to confirm the expected effect of dutasteride on the luteal phase increase in allopregnanolone. Blood samples were not obtained in every woman at a time that allowed us to confirm the luteal phase increase in progesterone and its metabolites. In two of the eight women with PMDD who received high-dose dutasteride, luteal plasma progesterone levels were o2 ng/ml during both placebo and dutasteride treatments, despite the presence of PMDD symptoms in both women during placebo and in one woman during dutasteride (albeit in partial remission). Since there was no detectable luteal phase increase in plasma progesterone, these samples were not used to test the hypothesis that highdose dutasteride prevented a luteal phase increase in allopregnanolone. However, since PMDD symptoms occurred in both of these women despite 'anovulatory' progesterone levels, we included their DRF ratings in the analyses of PMDD symptom scores. We presume that the clinic visit (and blood drawing) in these women was scheduled either too early or too late in the luteal phase or that symptoms occurred during an anovulatory cycle.
RESULTS
Participant Characteristics
Women with PMDD and control women did not differ significantly in demographic characteristics including age, parity, or body mass index. Four women with PMDD met criteria for a past depressive episode, one of whom reported a past postpartum depression (Table 1) . As per our exclusion criteria, however, none of the women had current major depressive disorder (or other current Axis I disorders). Eight women with PMDD and eight control women participated in each of the two trials.
Treatment Trial
Symptom ratings
Low-dose dutasteride. No significant differences in PMDD core symptom severity measures were observed in women with PMDD during low-dose dutasteride compared with placebo (irritability (p = 0.2), sadness (p = 0.2), and anxiety (p = 0.6)). All women with PMDD on low-dose dutasteride continued to meet diagnostic criteria and reported premenstrual mood and physical symptoms similar to baseline. Control women remained asymptomatic on both dutasteride and placebo (p40.05 all comparisons). Plasma allopregnanolone levels increased during low-dose dutasteride in women with PMDD from follicular to the luteal phases (ie, 70.7 pg/ml and 85.8 pg/ml, respectively), suggesting the absence of effect of the low-dose dutasteride on 5α-reductase. Thus, the second study with high-dose dutasteride was performed.
High-dose dutasteride. Significant reductions in the week 4 to week 2 difference in symptom severity scores were observed in women with PMDD during high-dose dutasteride compared with placebo treatments in the following DRF symptom scores: irritability (p = 0.04), anxiety (p = 0.03), sadness (p = 0.04), bloating (p = 0.03), and food cravings (p = 0.02) (Table 2; Figure 2 ). These differences reflected significantly decreased week 4 (late luteal) symptom scores in the women with PMDD during high-dose dutasteride treatment compared with placebo (irritability (p = 0.03), anxiety (p = 0.06), sadness (p = 0.03), bloating (p = 0.03), and food cravings (p = 0.01)). Non-significant improvements during dutasteride treatment compared with placebo also were observed for several symptoms including mood swings (p = 0.3), breast pain (p = 0.1), and decreased sexual interest (p = 0.1). Six of eight women no longer met criteria for Figure 2 Weekly scores for the symptom of irritability, sadness and anxiety in women with premenstrual dysphoric disorder on high-dose dutasteride (2.5 mg daily). Luteal symptom severity and menstrual cyclerelated symptom cyclicity were significantly reduced (po0.05) during highdose dutasteride compared with severity scores during placebo treatment. Significant reductions in the difference between week 4 (premenstrual, luteal) and week 2 (postmenstrual, follicular) symptom severity scores were observed in women with premenstrual dysphoric disorder (PMDD) during dutasteride compared with placebo treatments in daily rating form symptom scores of irritability (p = 0.04), anxiety (p = 0.03), and sadness (p = 0.04). The remission of PMDD symptoms and the reduction of symptom cyclicity occurred despite the absence of differences (p40.05) in either plasma progesterone levels or the number of anovulatory cycles between dutasteride and placebo conditions. 5α-reductase inhibition in PMDD PE Martinez et al PMDD during the menstrual cycle in which they received high-dose dutasteride. Finally, no significant differences in any symptom scores were identified in the control women between high-dose dutasteride and placebo treatments (p40.05 all comparisons).
Blood hormone levels on high-dose dutasteride. Plasma progesterone levels in women with PMDD and control women did not differ during dutasteride compared with placebo (p = 0.4), nor was there a significant difference in the number of cycles with progesterone levels o2 ng/ml (Fisher exact p = 1.0) (Table 3; Figure 3 ). Plasma progesterone levels were o2 ng/ml in two women with PMDD during both dutasteride and placebo treatments, and in three control women during dutasteride (n = 3) and placebo (n = 1) (one control women had progesterone levels o2 in both treatment cycles). There were no significant differences in either follicular or luteal phase plasma estradiol levels between placebo and dutasteride treatments (p = 0.5).
There was a significant effect of treatment assignment in the difference between log-transformed follicular and luteal phase levels of allopregnanolone (p = 0.001) and 3α, 5α-androsterone (p = 0.03), reflecting an increase in the levels of these two neurosteroids from follicular to luteal phase during placebo but not during high-dose dutasteride. No differences in pregnenolone or the 5β-reduced steroids were observed across the luteal phase or following dutasteride treatment. Finally, during placebo treatment, plasma allopregnanolone levels (mean(SD)) in women with PMDD were 241.4 (209.6) pg/ml and in controls 127.1(86.6) pg/ml. These plasma levels need to be interpreted cautiously since the mean in PMDD reflects an outlier value (ie, high levels in one woman with PMDD) within a relatively small sample.
Tolerability and side effects. Dutasteride was well tolerated (Table 4) , and neither sexual interest nor breast pain worsened during the one month exposure to dutasteride treatment. High-dose dutasteride had no significant effect on the numbers of days of menses. The mean (SD) days of menstrual flow at baseline and after one menstrual cycle of placebo and dutasteride were as follows: baseline (pre-study = 4.8(0.9) days; placebo = 5.0(1.6) days; dutasteride = 4.9(1.0) days. There was no significant difference in the duration of menses between placebo and dutasteride treatments (Student's t-test = 0.9, p = NS).
DISCUSSION
Several observations support the possible role of neurosteroids in the etiology of PMDD. First, studies report both abnormalities of peripheral neurosteroid levels (albeit inconsistently) and the neurosteroid response to stress in women with PMDD (Wang et al, 1996; Rapkin et al, 1997; Monteleone et al, 2000; Lombardi et al, 2004; Klatzkin et al, 2006) . Second, women with PMDD show the following: lowered cortical GABA levels (Epperson et al, 2002) ; blunted luteal phase cortical inhibition ; and altered sensitivities of saccadic eye velocity to both neurosteroids and benzodiazepines (Sundstrom et al, 1997a; Sundstrom et al, 1997b; Sundstrom et al, 1998) . Finally, the most effective therapy for PMDD, selective serotonin reuptake inhibitors (SSRIs), activate 3α-hydroxy steroid There were no effects of diagnosis on plasma hormone levels, thus, values reported are those from both women with PMDD and control women. There was a significant trend effect of treatment assignment in the difference between follicular to luteal phase plasma levels of allopregnanolone ( + p = 0.05) which was significant when log-transformed values were analyzed (p = 0.001), and a significant effect of treatment in the difference between follicular to luteal phase plasma levels of 3α,5α-androsterone ( ‡ p = 0.03, (log-transformed values: p = 0.10)), reflecting an increase in the levels of these two neurosteroids from follicular to luteal phase during placebo but not during high-dose dutasteride. No significant differences in the follicular-luteal change of the raw or log-transformed plasma values of the 5β-metabolites, pregnenolone, or estradiol were observed between high-dose dutasteride and placebo. Plasma progesterone levels were not obtained during the follicular phase of the menstrual cycle. Progesterone values during the luteal phase did not differ between dutasteride and placebo (p40.05). a n = six women, all other values n = 11 (women with PMDD (n = 6) and control women (n = 5)).
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PE Martinez et al dehydrogenase-one of the synthetic enzymes involved in the conversion of progesterone to allopregnanolone (Griffin and Mellon, 1999) , and SSRI administration is accompanied by increases in CSF allopregnanolone (Uzunova et al, 1998) . In this study, we observed that dutasteride at a daily dose of 2.5 mg, but not placebo, prevented the luteal phase increase in allopregnanolone and significantly reduced PMDD symptoms. The mitigation of PMDD symptoms occurred in the presence of ovulatory menstrual cycles, and there was no difference in plasma progesterone levels during the luteal phase of the placebo treatment compared with high-dose dutasteride. Neither effect was observed with the lower dose of dutasteride (ie, 0.5 mg a day), nor were symptoms induced in control women.
High-dose dutasteride significantly decreased the core affective symptoms of irritability, anxiety, and sadness and some physical symptoms (bloating and food cravings). In addition to reducing luteal phase symptom severity in the women with PMDD, dutasteride also decreased the luteal to follicular symptom cyclicity, the hallmark of PMDD. Six of eight women no longer met criteria for PMDD during the menstrual cycle in which they received high-dose dutasteride. Dutasteride did not improve all symptoms examined (eg, mood swings and breast pain), which could suggest a limited target range for dutasteride in the treatment of PMDD. Alternatively, the one month cycle of treatment may have been insufficient for the full range of PMDD symptoms to respond to treatment. Dutasteride was well tolerated and neither sexual interest nor breast pain worsened during the one month exposure to dutasteride treatment. Indeed nonsignificant improvements were observed in these symptoms during dutasteride compared with placebo.
Consistent with its role as a 5α-reductase inhibitor, highdose dutasteride blunted the expected luteal phase increase in plasma levels of allopregnanolone. Several other steroids are substrates for 5α-reductase including testosterone, deoxycorticosterone, androstenedione, and 17 hydroxy-progesterone (Miller and Auchus, 2011) . We cannot rule out alterations in these steroid metabolites as contributing to the therapeutic efficacy of dutasteride. For example, we observed that highdose dutasteride decreased levels of androsterone, a neuroactive steroid metabolite of the androgen androstenedione. Nonetheless, we can rule out a 'shunting' of metabolism to the 5β-pathway, as we found no increase in the 5β-neurosteroids following high-dose administration of dutasteride. Similarly, blocked metabolism of testosterone to DHT did not result in increased production of estradiol, the aromatized metabolite of testosterone.
In previous studies of the role of ovarian steroids in PMDD, we reported that changes in ovarian steroid concentrations within the normal range directly trigger affective symptoms, but only in a subset of women with histories of PMDD (Schmidt et al, 1998) . In this study, our findings suggest that the luteal phase increase in allopregnanolone mediates the change in negative affective state in women with PMDD during the luteal phase. However the same effects on behavior were not present in asymptomatic controls with no past history of PMDD who underwent the identical protocol. These data suggest that women with PMDD have a differential sensitivity to changes in allopregnanolone levels, perhaps at the level of the GABA A R (Backström et al, 2011) (possibly reflecting an increased expression of the α4βδ GABA-A receptor in PMDD that could result in allopregnanolonemediated decreased inhibition and anxiety-like behaviors (Shen et al, 2007) ), or secondary to an altered metabolism of allopregnanolone and other neurosteroids within the CNS. The role of progesterone and its 5α-reduced metabolites in affective regulation is supported by several findings in humans (Schiller et al, 2014) . First, progesterone and allopregnanolone are differentially localized in human brain with high concentrations reported in several brain regions involved in affective regulation including the amygdala and hypothalamus (Bixo et al, 1997) . Second, the mRNA expression profiles and activities (in vitro) of both 5α-reductase (type 1) and 3α-hydroxysteroid dehydrogenase (critical in the formation of allopregnanolone) have been identified in human temporal cortex, amygdala, and hippocampus ( Plasma progesterone levels in women with premenstrual dysphoric disorder (PMDD) did not differ during dutasteride compared with placebo (p = 0.4), nor was there a significant difference in the number of cycles with progesterone levels o2 ng/ml (Fisher exact p = 1.0). Plasma progesterone levels were o2 ng/ml in two women with PMDD during both dutasteride and placebo treatments, and in three control women during dutasteride (n = 3) and placebo (n = 1; one control women had progesterone levels o2 in both treatment cycles). There was a significant effect of treatment assignment in the difference between follicular to luteal phase levels of allopregnanolone (p = 0.05 (raw values) and p = 0.001(log transformed)) and 3α,5α androsterone (p = 0.03), reflecting an increase in the levels of these two neurosteroids from the follicular to luteal phase during placebo but not during dutasteride. The percent changes (mean (SD)) in allopregnanolone levels from follicular to luteal phases were as follows: during placebo 170.9% (158.5) and during dutasteride (2.5 mg per day) − 12.8% (58.1). No differences between dutasteride and placebo were observed in the luteal increase in either the 5β-metabolites or pregnenolone. Despite the absence of any negative affective symptoms induced by dutasteride in the control women, the effects of dutasteride on the luteal phase increase in allopregnanolone were also observed in control women.
5α-reductase inhibition in PMDD PE Martinez et al 2010). Third, during an emotional appraisal task in healthy men treated with pregnenolone, increased allopregnanolone plasma levels were accompanied by altered connectivity between the medial PFC and the amygdala, components of a circuit implicated as dysfunctional in depression (Sripada et al, 2013) . Fourth, postmortem studies observed decreased 5α-reductase mRNA expression in the PFC of depressed men and women compared with non-depressed controls (Agis-Balboa et al, 2014). Thus, the human brain may selectively concentrate and synthesize neurosteroids to regulate both reproductive and affective behaviors. Finally, variation in the gene for 5α-reductase type 1 within the hair follicles of women with polycystic ovarian syndrome has been associated with the severity of hirsutism (Goodarzi et al, 2006) . Thus, the altered phenotypic response to changes in allopregnanolone observed in women with PMDD could represent altered levels of allopregnanolone consequent to tissue specific polymorphic variants in the gene for type 1 5α-reductase. Dutasteride has been reported to have therapeutic benefits in a range of neuropsychiatric illnesses, and some of these effects are thought to be independent of its actions on androgen metabolism (Gulinello and Smith, 2003; Bortolato et al, 2008; Paba et al, 2011; Devoto et al, 2012) . Thus, although no study has directly evaluated the CNS penetrance of dutasteride, both clinical reports and studies in rodents (GlaxoSmithKline Research Triangle Park NC, 2005) suggest that dutasteride does cross the blood-brain barrier.
This study was designed to test a specific hypothesis and not evaluate the efficacy of a new treatment for PMDD. Nonetheless, it is conceivable that dutasteride might be an alternative treatment in women with PMDD, but there are obviously additional considerations and risks. The primary Dutasteride was well tolerated and neither sexual interest nor breast pain worsened during the one month exposure to dutasteride treatment. *Scores in Table 4 represent the numbers of women who reported symptom severity scores42 (range of scale: 0 = none to 3 = much).
5α-reductase inhibition in PMDD PE Martinez et al risk is that of risk to the fetus if a woman becomes pregnant, the normal process of masculinization of the fetus by DHT would be prevented, and several developmental abnormalities would be predicted to occur including hypospadias. Thus women of child-bearing age should not risk becoming pregnant while taking dutasteride and for at least 6 months after stopping dutasteride. That said, dutasteride appears to be well tolerated in men, with the primary adverse effects reported are those related to sexual function (Olsen et al, 2006; GlaxoSmithKline Research Triangle Park NC, 2014) . The potential therapeutic benefits of dutasteride warrant further investigation in a larger randomized, controlled trial. Indeed, dutasteride could be an effective treatment option for the 30-60% of women with PMDD who either do not respond to traditional SSRI therapy or develop treatment limiting side effects to SSRI.
In conclusion, our preliminary findings suggest both a novel therapeutic intervention for women with PMDD and a potential mechanism involving changes in neurosteroid levels in the pathogenesis of the PMDD.
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